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[57] ABSTRACT 

Data is collected from multiple data packets for group 
transfer on a data path so as to maximize utilization of the 

data path. A particularly suitable data path is one that is 
coupled to transfer data to a graphics frame buffer. In 
collecting data from multiple data packets, data from indi 
vidual packets are designated for loading onto the data path. 
In speci?c embodiments, data from a packet Will be desig 
nated for loading onto the data path only if it is determined 
that the data is noncacheable data, the data Would not 
overwrite other valid designated but not yet loaded data, or 
the resulting data to be transferred as a group Would target 

data locations Within a permissible locus of data locations, 
such as a contiguous range of addresses. The designated data 
are loaded onto the data path as a group for actual transfer. 

In a speci?c embodiment, there is a mask associated With 
each data packet that indicates Which portions of each 
packet’s possible data actually contain data to be transferred. 
In a speci?c embodiment, there is also a mask associated 
With each group transfer of data that indicates Which por 
tions of possible data in a group transfer actually contain 
data to be transferred. 

6 Claims, 5 Drawing Sheets 
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MECHANISM FOR COALESCING NON 
CACHEABLE STORES 

BACKGROUND OF THE INVENTION 

The present invention relates to transfer of data in a data 
processing environment. More particularly, the present 
invention relates to methods and systems for re-organiZing 
data from a data stream so as to maximize the utiliZation of 
available data transfer bandWidth on a data pathWay. 

A data processing system typically includes ?xed path 
Ways for transferring data betWeen elements Within the 
system. These pathWays typically have a maximum data 
path Width, and a maximum frequency at Which data may be 
placed onto the pathWay. For example, a high-performance 
data bus pathWay betWeen a graphics controller and a 
graphics frame buffer may have a data path that is 128-bits 
Wide onto Which data may be placed during every cycle of 
a bus clock. 

In order to maximiZe utiliZation of a communication 
pathWay, the pathWay’s Width should be ?lled as much as 
possible each time data is placed on the pathWay. HoWever, 
data to be transferred may have unit siZes Which differ from 
the Width of the pathWay. For example, a graphics controller 
may process and seek to transfer data in, e.g., 24-bits- or 
32-bits-Wide units, Whereas the data bus for transferring data 
may be 128-bits Wide. In this situation, simply sending each 
unit of data by itself via the pathWay Would be Wasteful of 
transfer bandWidth. What is needed is a scheme for trans 
ferring data that avoids such Waste. 

Such Waste of transfer bandWidth is particularly undesir 
able in modern graphics subsystems because these sub 
systems need to transfer increasingly large amounts of video 
data from a graphics controller to a frame buffer due to an 
industry trend toWard providing larger, higher-resolution, 
?icker-free video displays With increased color depth. 

Arudimentary system exists for transferring data across a 
bus While avoiding such Waste in certain circumstances. This 
rudimentary system exists Within the graphics subsystem of 
UltraSPARC 1 Workstations built by the assignees of the 
present invention. See, UltraSPARC 1 User’s Manual, Sun 
Microsystems. The rudimentary system is severely limited 
because it can properly combine data from multiple 
requested data transfers only upon certain very precise 
conditions. If these conditions are not met, the rudimentary 
system may overWrite valid data as it tries to combine data 
from multiple packets. 
What is needed are methods and systems for conserving 

data transfer bandWidth on a data pathWay under a greater 
variety of conditions. What is also needed are methods and 
systems for conserving data transfer bandWidth that do not 
overWrite valid data. 

SUMMARY OF THE INVENTION 

The present invention collects data from multiple data 
packets for group transfer on a data path. In this Way, 
utiliZation of the data path is increased. A data packet 
includes data and may include information about data 
location(s) targeted by the data. In a preferred embodiment, 
the data packets are requests to transfer graphics data via the 
data path to a graphics frame buffer. 

In collecting data from multiple data packets, the present 
invention designates data from individual packets for load 
ing onto the data path. The designated data are loaded onto 
the data path as a group for actual transfer. In a preferred 
embodiment, the designating of packets for loading is 
accomplished by placing the data into a transfer buffer. 
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2 
In a speci?c embodiment, data from a packet Will be 

designated for loading onto the data path only if it is 
determined that the data is noncacheable data. 

In a speci?c embodiment, data from a packet Will be 
designated for loading onto the data path only if the data 
Would not overWrite other valid designated data in the 
transfer buffer. 

In general, data to be transferred as a group on the data 
path must target data locations Within a permissible locus of 
data locations. In a preferred embodiment, this locus of data 
locations corresponds to a contiguous range of addresses. 

In a speci?c embodiment, there are a ?xed number of bits 
of possible data associated With each packet, and a mask is 
associated With each data packet that indicates Which por 
tions of each packet’s possible data actually contain data to 
be transferred. 

In a speci?c embodiment, there is also a mask associated 
With each group transfer of data that indicates Which por 
tions of possible data in a group transfer actually contain 
data to be transferred. 

A further understanding of the nature and advantages of 
the present invention may be realiZed by reference to the 
remaining portions of the speci?cation and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram shoWing overall data 
How in an embodiment of the present invention. 

FIG. 2 is a schematic block diagram shoWing overall data 
How in a graphics controller embodiment of the present 
invention. 

FIG. 3 is a schematic block diagram shoWing components 
Within a data coalescing unit of FIG. 2 according to an 
embodiment of the present invention. 

FIG. 4 is a schematic block diagram shoWing the data 
coalescing unit of FIG. 3 in more detail. 

FIG. 5 is a schematic block diagram shoWing a data 
transfer subsystem of FIG. 4 according to an embodiment of 
the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

FIG. 1 is a schematic block diagram shoWing overall data 
How according to one embodiment of the present invention. 
Adata source 103 issues data packets 105 (including address 
and data), Which data are to be transferred into data locations 
107. A data path 109 exists for accessing the data locations 
107. Rather than transfer the packets 105 individually to the 
data locations 107 along the data path 109, the present 
invention accepts the packets 105 in a data coalescing unit 
111. The data coalescing unit 111 collects data from multiple 
packets 105 if possible, as Will be described, and transfers 
these data as coalesced data 113 to the target data locations 
107 via the data path 109. 

FIG. 2 is a schematic block diagram shoWing overall data 
How in graphics controller embodiment of the present inven 
tion. A graphics controller 201’s function is to provide video 
data (e.g., color, intensity) to a frame buffer 107 for display 
on a video screen 202. The graphics controller 201 provides 
data in packets 105 (shoWn in FIG. 1) that each contain no 
more than M bits of data in this embodiment. 

In the graphics controller 201, a graphics processor core 
203 issues the data packets 105 onto an internal data path 
205. The internal data path 205 has an M-bits Wide path 207 
for data and a path 209 for information about data location(s) 
targeted by the data. In a preferred embodiment of the 
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present invention, the M-bits Wide path 207 for data is a bus 
having M electrical signal carriers such that all data bits of 
each packet may be issued in a single clock cycle. Other 
internal data path organizations, including ones in Which the 
paths 207 and 209 share physical lines, also remain Within 
the scope of the present invention. 
Aqueue 211 accepts the issued packets 105 for temporary 

storage. Adata coalescing unit 111 removes packets from the 
queue 211 When the packets’ data may be collected for 
transfer, as Will be described. The data coalescing unit 111 
transfers collected, or coalesced, data 113 (shoWn in FIG. 1) 
to the target frame buffer data locations 107 via the data path 
109. 

Data path 109 has an N-bits Wide path 213 for the 
coalesced data and a path 215 for information about data 
location(s) targeted by the coalesced data 213. In a preferred 
embodiment of the present invention, the N-bits Wide path 
213 for data is a bus having N electrical signal carriers. 
Other data path organiZations, including ones in Which the 
paths 213 and 215 share physical lines, remain Within the 
scope of the present invention. 

FIG. 3 is a schematic block diagram shoWing components 
Within data coalescing unit 111 of FIG. 2. In this 
embodiment, the data coalescing unit includes a transfer 
buffer 303 Which collects data for a subsequent transfer on 
the data transfer path 109. 

The data transfer path 109 is con?gured to transfer up to 
N bits of data in each transfer. The data transfer path is 
con?gured to transfer information about targeted data loca 
tions according to some targeting scheme. The speci?cs of 
the targeting scheme limit the degree to Which the data in a 
single transfer may target divergent data locations. For 
eXample, a targeting scheme in a speci?c embodiment that 
transfers only a single starting address and a scalar data 
length for each transfer Would require that all data in a single 
transfer target a contiguous block of data locations. 

Phrased another Way, there is a data transfer requirement 
that all data in a given transfer must target data locations 
Within a permissible locus of locations. For a hypothetical 
(and probably impractical) targeting scheme that transfers a 
separate address for each data bit, the permissible locus of 
locations Would be all possible locations. 

The transfer buffer 303 includes a data buffer 305 that has 
at least N bits for accumulating data for an upcoming 
transfer. The transfer buffer 303 also includes a target 
information buffer 307 for storing information about the 
data’s targeted data location(s). 

With reference to FIG. 3, operation of the data coalescing 
unit ill is noW described over an eXample cycle of collecting 
data for a single transfer. 
A coalescing controller 309 accepts from a path 209 

information about data location(s) targeted by a packet 
comprising data. The coalescing controller eXamines the 
target information buffer 307 and determines that the data 
buffer 305 currently contains no valid data for an upcoming 
transfer (e.g., because a full transfer has just taken place). 
Based on its determination, the controller 309 directs a data 
positioner 311 to accept from a path 207 the packet’s data 
and place the packet’s data into the data buffer 305. The 
controller 309 also records target information regarding this 
packet’s data into the target information buffer 307. 

In this Way, the data coalescing unit begins to accumulate 
data for an upcoming transfer. In the embodiment of the 
invention in Which the packet comes from a queue 211 
(shoWn in FIG. 2), the controller 309 removes the packet 
from the queue 211 after of?oading the packets’ data from 
the queue 211. 
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4 
Subsequently, the coalescing controller 309 accepts from 

the path 209 information about data location(s) targeted by 
a neW data packet. The controller 309 compares the neW 
packet’s target information to the eXisting target information 
in the target information buffer 309. The controller 309 
determines based on the comparison Whether the neW pack 
et’s data can be added to the data buffer 305 Without 
overWriting valid data in the data buffer 305 and Without 
causing the upcoming data transfer to violate the transfer 
requirement that all data for a single transfer must target data 
locations Within a permissible locus of locations. 

In a preferred embodiment, the controller 309 also deter 
mines from the neW packet’s target information Whether the 
packet’s data targets addresses are cacheable addresses. The 
controller makes this determination by comparing the neW 
packet’s target information With boundary addresses of 
addresses knoWn to be cacheable. Data that target cacheable 
addresses are not added to the data buffer 305 Which already 
contains valid data. 

If the controller 309 determines that the neW packet’s data 
can properly be added to the data buffer 305, the controller 
309 directs the data positioner 311 to accept the neW 
packet’s data from the path 207 and place the packet’s data 
into the data buffer 305. The controller 309 also amends the 
eXisting target information in the target information buffer 
307 to include information regarding the neW packet’s 
targeted data location(s). 

This process is repeated for additional data packets com 
prising data. In this Way, data for an upcoming transfer on 
the data transfer path 109 accumulates, or “coalesces,” in the 
data buffer 305. 

If the controller 309 determines that a neW packet’s data 
cannot properly be added to the transfer buffer 303, then the 
controller 309 does not cause the data to be added, thereby 
stalling the neW packet’s data. When eXisting, coalesced 
data and target information in the transfer buffer 303 is 
of?oaded from the transfer buffer 303 via the paths 313 and 
315 for transfer on the data transfer path 109, portions of the 
transfer buffer 303 that held the transferred data no longer 
hold valid data and may be overWritten. At this time, the 
coalescing controller 309 again inspects data packets 
(including any previously stalled packet) to begin accumu 
lating data for a neXt upcoming transfer on the data transfer 
path 109. 

In some embodiments of the present invention, the paths 
313 and 315 are simply paths 213 and 215 of the data path 
109 itself. 

FIG. 4 is a schematic block diagram shoWing components 
Within a data coalescing unit 111 of FIG. 3 in more detail. 
The data coalescing unit 111 has inputs, including a packet’s 
data (via path 207), address indicator (ADDR, via path 403), 
mask (MASK, via path 405), and optional “not coalescible” 
?ag (SE, via optional path 407) Which is found in certain 
embodiments of the present invention. 
The optional ?ag, SE, indicates that a particular packet 

should not be combined for transfer. The letters “SE” derive 
from the term “Side Effect,” in recognition of the fact that 
certain data Whose transfer to target location(s) produces 
side-effects should not be combined With other data for 
transfer. 

Indicating Target Location(s) of a Packet’s Data 

In the embodiment of FIG. 4, an incoming packet’s data 
are positioned in a ?eld of m ordered bytes on the input path 
207. The target locations of these data are indicated accord 
ing to a targeting scheme, as discussed beloW. 
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In discussing targeting schemes, unless otherwise noted, 
Zero-based addressing notation and one-based address 
indexing notation Will be used. Under these notations, the 
smallest address is Zero, and the earliest byte in a group of 
bytes is referred to as the ?rst, not the Zeroeth, byte. This 
choice of notations is made for clarity and convenience of 
expression. Other notations could have been chosen Without 
affecting the described nature of the invention itself. 

Apacket’s address indicator (ADDR) identi?es the pack 
et’s starting target address. The starting target address is a 
byte address. Data positioned in the i’th byte of the packet’s 
?eld of m bytes target the i’th data location byte as counted 
starting With the packet’s identi?ed starting target address. 
For example, if a packet’s starting target address is 24 (i.e., 
binary 11000) and the ?rst and second bytes of the packet’s 
?eld of m bytes are to be transferred, then the ?eld’s ?rst 
byte of data targets address 24 and the ?eld’s second byte of 
data targets address 25. 

In some embodiments of the invention, a packet’s address 
indicator ADDR is simply the packet’s starting target 
address to be indicated. For example, if the packet’s starting 
target address is byte 24 (binary 11000), then ADDR Would 
be simply be 24 in these embodiments. 

In other particular embodiments of the invention Which 
Will be discussed in detail, a packet’s address indicator 
ADDR comprises only the highest bits of the packet’s 
starting target address, With the omitted loWer bits con 
strained to being Zero. The number of omitted loWer bits is 
log2(m). For example, if m equals 8 (i.e., the packet can have 
up to 8 bytes of data), and the packet’s starting target address 
is byte 24 (binary 11000), then ADDR is binary 11 (Which 
is binary 11000 excluding its loWest log28 bits). 
A packet’s mask (MASK) contains m ordered bits, each 

corresponding to one of the bytes of data in the ?eld of m 
bytes. The i’th bit of MASK indicates Whether the i’th byte 
of the packet’s ?eld of m bytes actually contains data to be 
transferred. Examples 1 are provided beloW of addressing 
and byte-masking a packet’s data according to the particular 
embodiments of the invention to be discussed in detail. 

EXAMPLES 1 

Target Information for a Packet’s Data 

The folloWing are examples illustrating the use of a 
packet’s address indicator and mask, in an embodiment 
according to FIG. 4 Wherein m equals 8 (note that log28 
equals 3): 

To store a byte into byte-address 24 (binary 1,1000): 
a) set ADDR to binary 11; 
b) set MASK to the binary sequence 0000,0001 (MASK’s 

“?rst” bit being Written on the right); and 
c) place the byte of data into the ?rst byte of the packet’s 

?eld of m bytes. 
To store a byte into byte-address 25 (binary 1,1001): 
a) set ADDR to binary 11; 
b) set MASK to the binary sequence 0000,0010; and 
c) place the byte of data into the second byte of the 

packet’s ?eld of m bytes. 
To store a half Word (2 bytes) starting at byte-address 28 

(binary 1,1100): 
a) set ADDR to binary 11; 
b) set MASK to the binary sequence 0011,0000; and 
c) place the half Word into the packet’s ?eld of m bytes 

starting at the fourth byte (and ending at the ?fth byte). 
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6 
The packet’s address indicator ADDR and byte-mask 

MASK, as described above, provide one targeting scheme 
for packets. Other schemes for specifying target locations 
remain Within the scope of the present invention. 

Indicating Target IJocation(s) of Coalesced Data 

The data coalescing unit 111 produces intermediate out 
puts on paths 313 and 315 for a transfer path 109 that has n 
bytes of Width. These intermediate outputs of the data 
coalescing unit 111 include up to n bytes of coalesced data 
(via path 313), the coalesced data’s address (ADDRiC, via 
path 409), the coalesced data’s mask (MASKiC, via path 
411), and a ?ag (EMPTY 412, via path 413) indicating 
Whether there actually is coalesced data to be transferred. 

The data coalescing unit 111 assembles the intermediate 
outputs in a transfer buffer 303. The manner of assembly Will 
be described, but ?rst the organiZation of the intermediate 
outputs is described for this embodiment. 

Coalesced data are positioned in a ?eld of n ordered bytes 
in a data buffer 305 Within the transfer buffer 303. The 
coalesced data’s address indicator (ADDRiC) is stored in 
an address buffer 415. ADDRiC identi?es the starting 
target address of the coalesced data. Data positioned in the 
i’th byte of the coalesced data’s ?eld of n bytes target the i’th 
data location byte as counted starting from the coalesced 
data’s starting target address (as identi?ed by ADDRiC). 

In a particular embodiment of the invention, ADDRiC 
comprises only the highest bits of the coalesced data’s 
starting target address, With the omitted loWer bits con 
strained to being Zero. The number of omitted loWer bits is 
log2(n). For example, if n equals 16 (i.e., there can be up to 
16 bytes of coalesced data), and the coalesced data’s starting 
target address is byte 16 (binary 1,0000), then ADDRiC is 
binary 1 (Which is binary 1,0000 excluding its loWest log216 
bits). 
The coalesced data’s mask (MASKiC) contains n 

ordered bits, the i’th bit of Which indicates Whether the i’th 
byte of the coalesced data’s ?eld of n bytes actually contains 
data to be transferred. Example 2 is provided beloW of 
addressing and byte-masking of coalesced data in the inter 
mediate output of FIG. 4, for the particular packets dis 
cussed in the previous Examples 1. 

EXAMPLE 2 

Target Information for Coalesced Data 

The folloWing is an example illustrating the use of 
ADDR iC and MASKiC for identifying target locations of 
coalesced data consisting of data from the packets in 
Examples 1, above, in a particular embodiment of the 
invention Wherein n equals 16 (and m equals 8; note that 
log216 equals 4): 
ADDRiC=1; (corresponding to starting address 16, 

Which is binary 10000) 
MASKiC=binary 0011,0011,0000,0000; and 
the ?eld of n bytes of data contains the packets’ data, 

coalesced, in the ?eld’s ninth, tenth, thirteenth, and 
fourteenth bytes. 

The address indicator ADDRiC and byte-mask MASKi 
C, as described above, provide one targeting scheme for 
coalesced data. Other schemes for specifying target loca 
tions of coalesced data remain Within the scope of the 
present invention. 

In some embodiments of the present invention, a data 
transfer subsystem 417 converts the address indicator 
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ADDRiC and byte-mask MASKiC into another targeting 
scheme for use on the data transfer path 109, as Will be 
discussed in connection With FIG. 5. In other embodiments 
of the present invention, the data transfer subsystem 417 
does no targeting scheme conversion but simply couples the 
paths 313 and 315 to be portions of the data transfer path 109 
itself. 

Assembly of Coalesced Data 

It is assumed in the embodiment of FIG. 4 that n>m and 
that n is a multiple of m. Therefore, the n bytes of the data 
buffer 305 comprise q blocks of m bytes, Wherein q equals 
n/m. Preferred embodiments of the present invention 
achieve greater generality and performance by requiring that 
n be an even multiple of m. 

The data transfer subsystem sets ?ags SENDING[1:q] 
418 When it transfers data along the data transfer path 109. 
Each ?ag SENDING[i] 418 indicates Whether an all valid 
data is being of?oaded from an i’th block of m bytes of the 
data buffer 305. SENDING[1:q] is useful because if a block 
of data is being of?oaded, then that block may be thereafter 
be overWritten in the data buffer 305. 
A coalescing controller core 419 Within a coalescing 

controller 309 accepts target information ADDR, MASK, 
and SE of a packet. In speci?c embodiments of the present 
invention, ADDR, SE, and MASK are p, one, and m bits 
Wide, respectively. The coalescing controller core 419 also 
receives as input the EMPTY ?ag 412 and the ?ags 
SENDING[1:q] 418. 

Control logic, such as a pass gate 421, examines an 
EMPTY ?ag 412. Assume that the control logic determines 
therefrom that the data buffer 305 contains no valid data for 
an upcoming transfer (e.g., because a full transfer has just 
taken place). Based on this determination, the control logic 
(pass gate 421) in the speci?c embodiments sets ADDRiC 
for the coalesced data equal to the highest p‘ bits of ADDR, 
Wherein p‘ is p minus log2(m), and resets MASKiC in a 
mask buffer 422 to Zero. A ?ag SEiC 423 in the transfer 
buffer is set to have the value of the packet’s SE ?ag. 

Based on coalescing logic Which Will be described later, 
the controller core 419 produces Write enable signals 422 
that direct a data positioner 311 to place a packet’s data into 
proper positions Within the data buffer 305. In the speci?c 
embodiment of the present invention shoWn, the Write 
enable signals 422 are implemented as n bits (WE[1:n]), 
each controlling the placing by pass gates 424 of one byte of 
data into a particular byte position in the data buffer 305. 

The n byte positions of the data buffer 305 are made up 
of q (=n/m) blocks of m bytes. Each block of m bytes is 
aligned to receive data via the pass gates 424 from the m 
bytes of the packet’s data ?eld. In FIG. 4, this alignment is 
achieved by splitting the packet’s data into multiple copies 
at a node 425 and feeding the full n bytes of data, including 
duplicates, to n bytes of pass gates 424. 

The pass gates 424 actually need only receive active 
copies of the packet’s data at those byte positions i enabled 
by an active Therefore, certain embodiments of the 
present invention replace the node 425, or the node 425 plus 
the pass gates 424, With multipleXor circuits controlled by 
the Write enable signals 422 to achieve the same logical 
result. 

The Write enable signals 422 also Write logical ones into 
those bits of MASKiC corresponding to those bytes of the 
data buffer 305 receiving data for transfer. In the speci?c 
embodiment of the present invention shoWn, the Write 
enable signals WE[1:n] control pass gates 427 to achieve 
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8 
this Writing of logical ones. In the sense that pass gates 427 
place copies of MASK into MASKiC, the pass gates 427 
may also be termed a mask positioner. 

Coalescing Control Logic 

The Write enable signals WE[1:n] indicate Whether to 
combine a packet’s data With eXisting coalescing data and 
also Where in the n bytes of data buffer 305 to put a packet’s 
data if it is to be combined. 

The formula for determining a particular k’th one of the 
q m-bytes-long blocks of the data buffer 305 to Which to map 
the packet’s m-bytes-long data ?eld is as folloWs. (k is a 
one-based indeX, in keeping With the chosen notational 
convention.) 

The logic implemented in the coalescing controller core 
419 for setting WE[1:n] is summariZed in the folloWing 
pseudo-code. In the folloWing pseudo-code, “|” is the C 
language’s bitWise-OR operator; “&” is C’s bitWise-AND 
operator; and Zero evaluates as logical FALSE While a 
nonZero value evaluates as logical TRUE. 

Pseudo-Code Showing Coalescing Logic and Data Positioning 

1) MERGE = TRUE; 
2) k = ADDR[loWest (p — p’) bits] + 1; 
3) if ((ADDR[top p’ bits] != ADDRiC[top p’ bits]) and 

(not EMPTY) and 
(not SENDING-so-as-to-leave-data—buffer—empty)) 
MERGE = FALSE; 

((SE | SEiC) and 
(not EMPTY) and 
(not SENDING-so-as-to-leave-data—buffer—empty)) 
MERGE = FALSE; 

((MASK[all m bytes] & 
MASKiC[the m corresponding bytes]) 
and 

(not EMPTY) and 
(not SENDING-to—leave—corresponding-buffer-bytes 
empty» 

MERGE = FALSE; 

6) WE[all n bytes] = 
MERGE & n-bytes-of-Zero—With—k'th-block-set-to-MASK; 

5) if 

Step 1 of the pseudo-code initialiZes the MERGE ?ag. 
Step 2 calculates k, Wherein the k’th m-byte-long block of 

the data buffer corresponds to the target address of the 
packet, assuming that the packet can be merged With eXist 
ing data in the data buffer 305. 

Step 3 determines Whether the packet targets locations 
outside of the permissible locus of locations for the coalesc 
ing data in the data buffer 305. 

Step 4 inhibits merging if the SE ?ag for the packet or for 
the data currently in the data buffer 305 is set. 

Step 5 determines Whether merging the packet’s data 
Would overWrite existing valid data in the data buffer 305. 

Step 6 sets the bits to control placement of the packet’s 
data into the data buffer. 

Conversion to Transfer Data Path’s Targeting 
Scheme 

FIG. 5 is a schematic block diagram shoWing a data 
transfer subsystem of FIG. 4 according to an embodiment of 
the present invention. The transfer subsystem 417 converts 
the address indicator ADDRiC and byte-mask MASKiC 
of FIG. 4 into a targeting scheme for use on the data transfer 
path 109, hereinafter referred to as the transfer targeting 
scheme. 
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In FIG. 5, n is shown as being equal to 2 m, for ease of 
illustration. For example, the transfer targeting scheme may 
allow up to 16 bytes of data per transfer While each packet 
may contain up to 8 bytes of data. 

The transfer targeting scheme uses ADDRiC as the 
coalesced data’s starting target address, as does the targeting 
scheme used Within the transfer buffer 303, described above. 
HoWever, the transfer targeting scheme does not use 
MASKiC, the n-bits-long byte-mask, to indicate Which 
portions of the n possible bytes of coalesced data actually 
contain coalesced data to be transferred. Instead, the transfer 
targeting scheme uses a combination of an m-bits-long 
byte-mask (MASKiT) on a path 503 plus a q-bits-long 
“block-mask” (MASKiL) on a path 505. (The letter T in 
“MASKiT” refers to “Transfer”, and the letter L in 
“MASKiL” refers to “bLock”.) 
MASKiT is a byte-mask applicable to a particular block 

of m bytes Within the n possible bytes of coalesced data. 
MASKiL is a q-bits-long block-mask, the k’th bit of Which 
indicates Whether MASKiT should be applied to the k’th 
block of m bytes Within the n possible bytes of coalesced 
data. In short, of the n possible bytes of coalesced data 
(organiZed into q blocks of m bytes each), an i’th byte Within 
a k’th block contains data to be transferred if and only if the 
i’th bit of MASKiT and the k’th bit of MASKiL are on. 

As can be seen, using MASKiT plus MASKiL reduces 
the total number of required mask bits, as compared to using 
MASKiC. This reduction in the number of mask bits comes 
at the expense of having no freedom to have different 
byte-masks in different blocks of the q m-bytes-long blocks. 
In embodiments of the present invention in Which the 
formats of data to be transferred tend to be regular, the loss 
of freedom does not present a very large problem, and it is 
particularly WorthWhile to use MASKiT plus MASKiL 
instead of MASKiC. An eXample of such an embodiment 
is one in Which the data path is coupled to transfer data to 
a graphics frame buffer. 

In FIG. 5, MASKiC comprises a high section of m bits 
and a loW section of m bits. Acomparator 507 compares the 
tWo sections to determine if they are identical. If so, a data 
transfer controller 509 turns on both bits of MASKiL on 
path 505 so as to transfer data from both blocks of coalesced 
data. If not, the data transfer controller 509 turns on only one 
bit of MASKiL so as to transfer one block, leaving the 
other block to be transferred in a later transfer cycle, 
preferably the neXt transfer cycle. 
As noted earlier, FIG. 5 shoWs an embodiment in Which 

there are exactly tWo m-bytes-long blocks Within the n 
possible bytes of coalesced data (i.e., n=2 Other embodi 
ments of the present invention do not require that n=2 m. In 
these other embodiments, a comparator 507 compares all q 
(=n/m; q>2) sections of m bits Within MASKiC; a data 
transfer controller 509 sets up to q bits of MASKiL; and 
more than a single later transfer cycle may be required for 
transferring blocks Which could not be transferred due a 
mismatch betWeen their m-bits-long byte-mask sections and 
the m-bits-long byte-mask section of the block(s) being sent. 

While the above is a complete description of speci?c 
embodiments of the invention, various modi?cations, alter 
native constructions, and equivalents may be used. 
Therefore, the above description should not be taken as 
limiting the scope of the invention as de?ned by the claims. 
What is claimed is: 
1. A method for simultaneously transferring data from a 

plurality of data packets via a data path utiliZing a transfer 
buffer including a target information buffer for specifying 
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targets Within a locus of permissible locations, a mask 
information buffer, and a data buffer, Wherein each of the 
plurality of data packets includes multi-byte packet data, 
mask information indicating Which bytes multi-byte packet 
data contain valid data, and target information, the method 
comprising the steps of: 

initialiZing the target information buffer using target infor 
mation from a ?rst data packet of the plurality of data 
packets to de?ne a locus of permissible target locations; 

initialiZing the mask information buffer using mask infor 
mation from a ?rst data packet of the plurality of data 
packets to indicate locations in the data buffer storing 
valid data; 

storing only packet data from the ?rst data packet Within 
the data buffer; 

utiliZing target information stored in the target buffer and 
target information from a neXt data packet in the 
plurality of data packets to indicate Whether target data 
from the neXt packet targets a location Within the locus 
of permissible locations and can be coalesced in the 
data buffer With packet data from the ?rst data packet; 

utiliZing mask information stored in said mask informa 
tion buffer and mask information from a neXt packet in 
the plurality of data packets to assert a Write enable 
signal indicating that packet data from the neXt data 
packet Would not overWrite valid packet data stored in 
the data buffer and in response to an indication that data 
from the neXt packet is Within the locus of permissible 
locations; 

storing only packet data from the neXt data packet Within 
the data buffer in response to assertion of the Write 
enable signal; and 

transferring the stored, coalesced, packet data from the 
data buffer as a group onto the data path. 

2. The method as set forth in claim 1, Wherein the mask 
information buffer includes a coalesced data mask and the 
target information buffer stores a coalesced data address, and 
further Wherein the target information of each of the plural 
ity of data packets includes a packet mask and a packet 
address, the step of initialiZing the target information buffer 
comprising the steps of: 

resolving the coalesced data address utiliZing a packet 
address of the ?rst data packet; 

generating a data block indeX of the ?rst data packet, 
designating a location Within the data buffer Where the 
packet data from the ?rst data packet Will be stored, 
utiliZing the coalesced data address and the packet 
address of the ?rst data packet; and 

revising the coalesced data mask utiliZing the data block 
indeX of the ?rst data packet and a packet mask of the 
?rst data packet. 

33. The method as set forth in claim 2, Wherein the step of 
storing packet data from the ?rst data packet Within the data 
buffer comprises the step of storing packet data from the ?rst 
data packet Within the data buffer utiliZing the data block 
indeX of the ?rst data packet and the packet mask of the ?rst 
data packet. 

4. The method as set forth in claim 2, Wherein the step of 
determining Whether a neXt data packet from the plurality of 
data packets can be coalesced comprises the steps of: 

generating a data block indeX of the neXt data packet 
utiliZing the coalesced data address and a packet 
address of the neXt data packet; 

comparing a portion of the coalesced data address and a 
portion of the packet address of the neXt data packet to 
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determine Whether the data block index of the neXt data 
packet corresponds to a location Within the data buffer; 
and 

comparing a portion of the coalesced data mask to a 
packet mask of the neXt data packet to determine 
Whether packet data from the neXt data packet Will 
overWrite previously stored packet data Within the data 
bu?br 

5. The method as set forth in claim 4, Wherein the step of 
storing packet data from the neXt data packet Within the data 
buffer in response to a determination that the neXt data 
packet can be coalesced comprises the step of storing packet 
data from the neXt data packet Within the data buffer in 
response to a determination that the data block indeX of the 
neXt data packet corresponds to a location Within the data 
buffer. 

6. A system for coalescing data from a plurality of data 
packets for group transfer via a data path Wherein each of the 
plurality of data packets includes packet data, mask infor 
mation indicating Which bytes of multi-byte packet data 
contain valid data, and target information, said system 
comprising: 

a transfer buffer con?gured to store packet data from a 
plurality of data packets and coalesced data target 
information and to transfer stored packet data as a 
group onto the data path utiliZing the coalesced data 
target information; 
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a target information buffer holding coalesced data target 

information capable of specifying targets Within a locus 
of permissible locations; 

a mask information buffer storing coalesced mask infor 
mation indicating valid data location of data previously 
coalesced in the data buffer; 

a controller, coupled to the data buffer, target information 
buffer, and mask information buffer, con?gured to 
accept target information from a given data packet, for 
utiliZing coalesced target information stored in the 
target buffer and target information from a neXt data 
packet in the plurality of data packets to indicate 
Whether data from the neXt packet targets a location 
Within the locus of permissible locations and can be 
coalesced in the data buffer With packet data from a ?rst 
data packet and utiliZing mask information stored in 
said mask information buffer and mask information 
from a neXt packet in the plurality of data packets to 
assert a Write enable signal indicating that packet data 
from the neXt data packet Would not overWrite valid 
coalesced packet data stored in the data buffer and in 
response to an indication that data from the neXt packet 
is Within the locus of permissible locations; 

a data positioner, coupled to said data buffer, con?gured 
to transfer packet data from the given data packet to the 
transfer buffer in response to the Write enable signals. 

* * * * * 


